
ARTICLE OPEN

Novel PUF60 variant suggesting an interaction between Verheij
and Cornelia de Lange syndrome: phenotype description and
review of the literature
Amarens Hoogenboom1,2,8, Farah A. Falix2,8, Liselot van der Laan 3,4, Jennifer Kerkhof 5, Mariëlle Alders3,4,
Bekim Sadikovic 3,5,6 and Mieke M. van Haelst 2,3,4,7✉

© The Author(s) 2024

Verheij syndrome [VRJS; OMIM 615583] is a rare autosomal dominant neurodevelopmental disorder characterized by distinct
clinical features, including growth retardation, intellectual disability, cardiac, and renal anomalies. VRJS is caused by deletions of
chromosome 8q24.3 or pathogenic variants in the PUF60 gene. Recently, pathogenic PUF60 variants have been reported in some
individuals with VRJS, contributing to the variability in the clinical presentation and severity of the condition. PUF60 encodes a
protein involved in regulating gene expression and cellular growth. In this report, we describe a new case of VRJS with
developmental delay, cardiac-, and renal abnormalities, caused by a heterozygous pathogenic PUF60 variant. Surprisingly, DNA
methylation analysis revealed a pattern resembling the Cornelia de Lange syndrome (CdLS) episignature, suggesting a potential
connection between PUF60 and CdLS-related genes. This case report further delineates the clinical and molecular spectrum of VRJS
and supports further research to validate the interaction between VRJS and CdLS.

European Journal of Human Genetics (2024) 32:435–439; https://doi.org/10.1038/s41431-023-01527-1

INTRODUCTION
Verheij syndrome (VRJS (OMIM #615583)) is characterized by
growth retardation, intellectual disability, irido-retinal or chorior-
etinal coloboma, dysmorphic facial features, cervical spine
segmentation defects, cardiac, and renal abnormalities [1]. VRJS
is caused by deletions within chromosome 8q24.3 typically
spanning from 78 kb to 1 Mb. Interestingly, within this observed
range no identical breakpoints have been identified. Within this
context, a common minimal deletion was identified [2], encom-
passing three genes: SCRIB, NRBP2 and PUF60 [3]. Subsequently,
the identification of loss of function variants in PUF60 in patients
with similar phenotypes confirmed PUF60 to be responsible for
VRJS S [3]. To date, 56 patients with VRJS and a pathogenic PUF60
variant have been described [4].
PUF60 (OMIM #604819), also known as poly-U-binding factor

60 kDa, encodes a splicing factor involved in 3′ splice-site
recognition and plays a role in transcription regulation. PUF60
interacts with the U2 auxiliary factor (U2AF) in RNA binding and
splicing activation and is widely expressed during embryonic
development [5].
Given its role in epigenetic regulation, we hypothesized that

PUF60 abnormalities may be associated with a distinct DNA
methylation pattern. Apart from clinical application of DNA
methylation signatures to reevaluating variants of unknown
significance (VUS), they can also serve as a diagnostic resource

for individuals with suspected genetic disorders and unconfirmed
molecular diagnoses [6]. Beyond their diagnostic roles, DNA
methylation analyses can offer valuable insights into the
molecular mechanisms underlying genetic disorders [7]. To date,
more than 56 episignatures associated with 65 genetic syndromes
have been published and consequently implemented in clinical
diagnostics through EpiSignTM classifier technology [8].
In this study, we describe a new patient with VRJS caused by a

novel PUF60 variant and we (1) expand the phenotypic spectrum
of VRJS and review the literature, and (2) since no episignature has
been associated with PUF60 as yet, we aim to explore whether our
patient exhibits a DNA methylation pattern that overlaps with any
of the 65 genetic syndromes.

METHODS
Array-CGH microarray involved the use of peripheral blood and 180k
microarray slides from Agilent Technologies (Santa Clara, CA), following the
manufacturer’s protocols. Scanned images were processed using Agilent
Genomic Workbench version 6.5 and Cartagenia software (Agilent
Technologies). Interpretation of Copy Number Variation (CNV) data
followed the lab’s guidelines.
Karyotyping was performed with GTG-banding (Giemsa-Trypsin-Giemsa

banding) and analyses were performed on Cytovision version 7 based on
guidelines of the Amsterdam UMC.
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Whole exome sequencing (WES), with a filter for intellectual deficit (ID)
genes was performed using KAPA HyperExome capture arrays (Roche)
with next generation sequencing (NGS) on an Illumina sequencing
platform. Sequence reads were mapped against the human reference
genome (NCBI build 37/hg19) using BWA 0.7.10 (bio-bwa.sourcefor-
ge.net/), and variants were annotated using GATK Version = 3.3-0-
g37228af (www.broadinstitute.org/gatk/). Filtering of variants was done
using Alissa Interpret NGS (Agilent). Variants with a minor allele frequency
>0.02% for dominant disorders or >1% for recessive disorders in GnomAD
v2.1.1, as well as variants outside exon +/- 6 nucleotides, which are and
not listed as (likely) pathogenic in ClinVar or HGMD databases were
excluded from analysis. All other variants were evaluated.
The DNA methylation profile of our patient was examined through

EpiSignTM testing [8]. Since no episignature has been associated with
PUF60 as yet, we aimed to explore whether our patient exhibited a DNA
methylation pattern that overlapped with any of the 65 genetic syndromes
in parallel with the WES ID [8].

RESULTS
Case report
The index patient is a 4-year-old boy. He was born by cesarean
section at 39 weeks and 3 days of gestation with Apgar scores of 7
and 9 at one and five minutes after birth, respectively. The
pregnancy was achieved through in vitro fertilization (using both
donated oocytes and sperm) and was complicated by gestational
diabetes. Prenatal ultrasound showed mild hydronephrosis of the
right kidney without signs of vesicoureteral reflux, which normal-
ized in the third trimester. At birth, weight was 3550 g (at the 66th
percentile), length: 47.5 cm (at the 10th percentile), and head
circumference: 37 cm (at the 98th percentile). No dysmorphic
features were observed.
During the neonatal period, a critical coarctation of the aorta,

atrial septal defect, multiple ventricular septal defects, and a
bicuspid aortic valve were detected, for which he underwent
surgical correction with a successful post-operative outcome.
Antihypertensive drugs were prescribed for a few months, after
which cardiac function normalized. Due to the antenatal right-
sided hydronephrosis, renal ultrasound was performed showing
mild bilateral dilatation of the ureter-pelvis junction, which later
spontaneously resolved. A dimercaptosuccinic acid (DMSA) scan
of the kidneys revealed asymmetrical differential renal function
distribution, with 35% on the right side and 65% on the left side,
suggestive of right renal dysplasia. At follow-up, both the right
and left kidneys showed normal growth without hydronephrosis.
Further work-up for other congenital anomalies in the neonatal

period revealed hemivertebra of L4 without scoliosis. He
experienced recurrent episodes of laryngitis subglottica. A
laryngoscopy at the age of two years showed, apart from an
enlarged adenoid, no laryngomalacia or other abnormalities. He
underwent orchidopexy at the age of 3 years for cryptorchidism.
Brain MRI performed at the age of 9 months revealed slightly
increased peripheral cerebrospinal fluid space with otherwise
normal cerebral anatomy.
At the age of two years, he was mildly delayed in development,

especially in speech and motor skills, both of which improved with
physiotherapy. He had frequent loose stools, occurring multiple
times a day, and celiac and biochemical screening revealed no
abnormalities. His growth and weight gain were normal during
these years, without signs of malabsorption. His loose stools
improved after the age of 4 years. He had leg length discrepancy
of 5 mm due to the hemivertebra. Clinical dysmorphic evaluation
showed a relatively short neck, prominent eyebrows and eye-
lashes, a thin upper lip, and an upturned nose. No external eye
abnormalities were observed.

Molecular analyses and DNA methylation profiling
Genetic analysis at birth, including microarray and karyotyping,
did not reveal any abnormalities. At the age of 4 years, whole

exome sequencing (WES) with a filter for intellectual deficit (ID)
genes revealed a heterozygous deletion of a single nucleotide,
guanine (G) (c.688del), in exon 8 of the in PUF60 gene
(NM_078480.3). This results in a frameshift starting from position
230 and a stop codon after 58 positions in the new reading frame,
p.(Val230Trpfs*58), which is predicted to undergo nonsense-
mediated decay [9]. This variant was classified as likely pathogenic
based on ACMG classifiers PVS2 (truncating in a gene where loss
of function is a known mechanism of disease) and PM2 (absent in
GnomAD databases). [10] Parental samples were not available to
determine de novo occurrence of the variant. Similar frameshift
variants in the same exon, have been reported de novo in
literature [11–13]. Surprisingly, DNA methylation analyses revealed
a DNA methylation profile similar to the Cornelia de Lange
syndromes 1–4 (CdLS) episignature, associated with variants in
NIPBL, SMC1A, SMC3, and RAD21 (Fig. 1). Reanalysis of WES data
including intronic variants specific for these genes did not reveal
any (possibly) pathogenic variants.

DISCUSSION
We present a new patient with VRJS caused by a novel PUF60
variant. This case expands the list of clinical features associated
with PUF60 variants causing VRJS [4]. The current patient exhibited
severe cardiac anomalies, including aortic coarctation, an atrial
septal defect (ASD), multiple ventricular septal defects (VSDs), and
a bicuspid aortic valve. These cardiac abnormalities have been
reported in other cases of VRJS (Table 1) [3, 4, 11–17]. However,
aortic coarctation has been observed in only two patients: one
with a deletion of chromosome 8q24.3 encompassing SCRIB,
NRBP2, and PUF60, and another with a de novo variant in the
splice acceptor site of exon 8 of the PUF60 gene (c.604-2 A > C)
[2, 11]. This suggests a possible association between PUF60 and
aortic coarctation in VRJS.
Various renal disorders, such as renal agenesis, pelvic kidney,

horseshoe kidney, hypoplastic kidney, and hydronephrosis, have
been previously reported in VRJS [3, 4, 11, 13, 15, 17]. The renal
phenotype of the current patient was milder than other reports
and appears to have normalized during development.
Other reported clinical abnormalities such as retinal coloboma,

hand deformities, joint laxity/dislocation, seizures, feeding diffi-
culties, and auditory problems were not observed in our patient
[4]. This discrepancy could possibly be attributed to the location of
this new variant. It’s worth noting that more than half of the
reported patients with a PUF60 variant exhibit skeletal involve-
ment, most commonly presenting as scoliosis (Table 1)
[3, 4, 11, 13, 15]. Our patient has a hemivertebra of L4, with no
signs of scoliosis as yet, it is however important to monitor for
potential scoliosis development during follow-up clinical
evaluation.
Available literature on the urogenital and endocrine aspects

related to PUF60 is limited. Two cases have been reported with
cryptorchidism [4, 15]. In addition, Moccia et al. [16] described a
patient with unspecified genital abnormalities. Furthermore,
Grimes et al. [4] reported a patient with small genitalia and
delayed puberty who was treated with testosterone. Our report
strengthens the suggestion of an association between PUF60
variants and urogenital defects. Consequently, follow-up evalua-
tions of urogenital and endocrine aspects in patients with PUF60
variants is indicated.
Our patient experienced recurrent subglottic laryngitis, requir-

ing repeated corticosteroid therapy and occasional hospital
admissions. Laryngoscopy did not reveal any signs of upper
airway malacia, and his symptoms gradually improved over the
years. Apart from one previously reported case of laryngotracheo-
bronchomalacia, without further specification, no other laryngeal
or upper airway abnormalities have been documented in patients
with VRJS [3].
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Developmental delays in communication, motor skills, and
intellectual disability are frequently reported (90%) (Table 1). The
current patient exhibited mild psychomotor delay and speech
delay, which improved after physio- and speech therapy. While
behavioral difficulties are often reported in patients with a PUF60
variant [4] they were not reported in our patient. During clinical
observations, we noted friendly, social, and cooperative behavior.
The dysmorphic features of our case (a relatively short neck,

prominent eyebrows and eyelashes, a thin upper lip, and an
upturned nose) overlap with previous reported cases [3, 4, 11, 13].
Although gastro intestinal problems were reported some cases,
this was not present in our patient [3, 11, 13]. Grimes et al. [4]
documented a patient with chronic diarrhea from the age of
4 months to 4 years old and another patient with milk protein
intolerance. These findings correlate with the report of loose
stools, which resolved at the age of 4 years in our patient.
The results of the EpiSignTM test revealed the CdLS

episignature which is associated with variants in; NIPBL, SMC1A,

SMC3 and RAD21 (Fig. 1). CdLS is characterized by a range of
physical and intellectual disabilities and these genes are
involved in the regulation of cohesion, a protein complex
essential for chromosome structure and function [18]. While
PUF60 is involved in various cellular processes, including pre-
mRNA splicing and a developmental role, a connection on
protein level between PUF60 and the genes that belong to CdLS
signature has not been reported before. However, previous
reports have indicated that at the phenotype level, patients with
PUF60 variants exhibit overlapping features with CdLS. These
include facial hypertrichosis and prominent eyebrows. As a
result, some patients with these features underwent targeted
sequencing for CdLS which yielded negative results, only to later
discover a pathogenic PUF60 variant [11]. Our patient also
displays prominent eyebrows and eyelashes, a thin upper lip,
and a slightly upturned nose, which are also features that are
seen in patients with CdLS. Unfortunately no consent for
publication of facial photographs was given.

Fig. 1 Confirmed episignature for our case. A Hierarchical clustering and B multidimensional scaling plots demonstrate the clustering of our
case (shown in red) with the CdLS cases (marked in blue), which is distinct from controls (individuals without CdLS or VRJS; shown in green)
c The methylation variant pathogenicity (MVP) score range from 0 to 1. Scores. Scores approaching 1 indicate a high likelihood of a
methylation pattern characteristic of the target syndrome (CdLS), while scores close to 0 indicating a methylation profile similar to controls.
Our case is showing an high MVP score, suggesting the presence of the CdLS episignature.
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In conclusion, this report describes a patient with a novel
variant in the PUF60 gene, resulting in clinical manifestations of
VRJS. In contrast to the more severe cardiac abnormalities
(Coarctation of the aorta and multiple VSDs), the renal-,
vertebral-, and developmental abnormalities observed in our
patient are relatively mild compared to previously reported cases.
Additionally, our patient experienced mild upper airway problems,
including frequent episodes of laryngitis subglottica, and recur-
rent loose stools during the first year of life, which gradually
improved over time. The results of the EpiSignTM test suggest a
potential link between PUF60 and the established CdLS genes.
Based on the previously reported overlap of dysmorphic features
between CdLS and VRJS and the overlapping CdLS episignature in
our case, we suggest a potential connection between PUF60 and
the known CdLS genes (NIPBL, SMC1A, SMC3, and RAD21). Further
research with a larger number of patients is needed to confirm
and validate this finding.
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Data are available from the authors on reasonable request.

REFERENCES
1. Kocaaga A, Yimenicioglu S, Özdemir Atikel Y, Özkale Yavuz O. First report of

tethered cord syndrome in a patient with Verheij syndrome. Ophthalmic Genet.
2023;44:396–400.

2. Dauber A, Golzio C, Guenot C, Jodelka FM, Kibaek M, Kjaergaard S, et al. SCRIB
and PUF60 are primary drivers of the multisystemic phenotypes of the 8q24.3
copy-number variant. Am J Hum Genet. 2013;93:798–811.

3. El Chehadeh S, Kerstjens-Frederikse WS, Thevenon J, Kuentz P, Bruel AL, Thauvin-
Robinet C, et al. Dominant variants in the splicing factor PUF60 cause a recog-
nizable syndrome with intellectual disability, heart defects and short stature. Eur J
Hum Genet. 2017;25:43–51.

4. Grimes H, Ansari M, Ashraf T, Cueto-González AM, Calder A, Day M, et al. PUF60-
related developmental disorder: A case series and phenotypic analysis of 10
additional patients with monoallelic PUF60 variants. Am J Med Genet.
2023;191:2610–22.

5. Hastings ML, Allemand E, Duelli DM, Myers MP, Krainer AR. Control of pre-mRNA
splicing by the general splicing factors PUF60 and U2AF. PLoS ONE. 2007;2:e538.

6. Sadikovic B, Levy MA, Kerkhof J, Aref-Eshghi E, Schenkel L, Stuart A, et al. Clinical
epigenomics: genome-wide DNA methylation analysis for the diagnosis of
Mendelian disorders. Genet Med. 2021;23:1065–74.

7. Sadikovic B, Aref-Eshghi E, Levy MA, Rodenhiser D. DNA methylation signatures in
mendelian developmental disorders as a diagnostic bridge between genotype
and phenotype. Epigenomics. 2019;11:563–75.

8. Levy MA, McConkey H, Kerkhof J, Barat-Houari M, Bargiacchi S, Biamino E, et al.
Novel diagnostic DNA methylation episignatures expand and refine the epige-
netic landscapes of Mendelian disorders. HGG Adv. 2022;3:100075.

9. Maquat LE. Nonsense-mediated mRNA decay: splicing, translation and mRNP
dynamics. Nat Rev Mol Cell Biol. 2004;5:89–99.

10. Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, et al. Standards and
guidelines for the interpretation of sequence variants: a joint consensus
recommendation of the American College of Medical Genetics and Genomics
and the Association for Molecular Pathology. Genet Med. 2015;17:405–24.

11. Low KJ, Ansari M, Abou Jamra R, Clarke A, El Chehadeh S, FitzPatrick DR, et al.
PUF60 variants cause a syndrome of ID, short stature, microcephaly, coloboma,
craniofacial, cardiac, renal and spinal features. Eur J Hum Genet. 2017;25:552–9.

12. Zhao JJ, Halvardson J, Zander CS, Zaghlool A, Georgii-Hemming P, Månsson E, et al.
Exome sequencing reveals NAA15 and PUF60 as candidate genes associated with
intellectual disability. Am J Med Genet B Neuropsychiatr Genet. 2018;177:10–20.

13. Fennell AP, Baxter AE, Berkovic SF, Ellaway CJ, Forwood C, Hildebrand MS, et al.
The diverse pleiotropic effects of spliceosomal protein PUF60: A case series of
Verheij syndrome. Am J Med Genet A. 2022;188:3432–47.

14. Santos-Simarro F, Vallespin E, Del Pozo A, Ibañez K, Silla JC, Fernandez L, et al. Eye
coloboma and complex cardiac malformations belong to the clinical spectrum of
PUF60 variants. Clin Genet. 2017;92:350–1.

15. Graziano C, Gusson E, Severi G, Isidori F, Wischmeijer A, Brugnara M, et al. A de
novo PUF60 mutation in a child with a syndromic form of coloboma and per-
sistent fetal vasculature. Opthalmic Genet. 2017;38:590–2.

16. Moccia A, Srivastava A, Skidmore JM, Bernat JA, Wheeler M, Chong JX, et al.
Genetic analysis of CHARGE syndrome identifies overlapping molecular biology.
Genet Med. 2018;20:1022–9.

17. Toader DO, Ursu R, Bacalbasa N, Cretoiu D, Pop LG, Balescu I, et al. Identification
of a New Variant of PUF60 Gene: Case Presentation and Literature Review. Cancer
Diagn Progn. 2021;1:213–9.

18. Pié J, Gil-Rodríguez MC, Ciero M, López-Viñas E, Ribate MP, Arnedo M, et al.
Mutations and variants in the cohesion factor genes NIPBL, SMC1A, and SMC3 in
a cohort of 30 unrelated patients with Cornelia de Lange syndrome. Am J Med
Genet A. 2010;152a:924–9.

ACKNOWLEDGEMENTS
We would like to thank the family of the participant and the participant described in
this study.

AUTHOR CONTRIBUTIONS
FAF and MMVH supervised and designed the project. AH, FAF and LVDL wrote the
manuscript. AH, LVDL and JK prepared the figure and table. AH, FAF and MMVH
contributed to the clinical assessment of the participant and LVDL, JK, MA and BS to
the diagnostic laboratory investigation. All authors have read and agreed to the
published version of this manuscript.

FUNDING
No funding was received.

COMPETING INTERESTS
The authors declare no competing interests.

ETHICAL APPROVAL
We obtained written informed consent from the patient and the patients’ parents to
publish patients’ clinical and genetic information.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to Mieke M. van
Haelst.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Table 1. Comparison of the clinical features observed in our patient
with those previously documented in individuals with a PUF60 gene
variant.

Clinical phenotypes Present case Previous reported cases
with PUF60 variants
(n= 56)

Auditory - 16/40 (40%)

Cardiac + 31/52 (60%)

Coloboma - 19/49 (38%)

Developmental delay + 49/54 (90%)

Genital + 5/25 (20%)

Stool difficulties + 2/10 (20%)

Hand analomies - 26/49 (53%)

Joint laxity/dislocation - 17/43 (40%)

Laryngeal + 2/2 (100%)

Ocular - 29/48 (60%)

Oral/Palatal deformities - 16/32 (50%)

Renal + 11/47 (23%)

Vertebral + 30/50 (60%)
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adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.
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